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NOTATION

A (subscript) Refers to an arbitrary point in the buoy

B (subscript) Refers to the pressure transducer

D Distance between points A and B in the

1 fore-aft plane

D 2 Distance between points A and B in the
athwartship plane

x Longitudinal direction

y Vertical direction

z Transverse direction

X diff, Y diff, X diff Change in relative coordinates between points

A and B when the buoy moves from a zero-pitch
zero-roll angle to some arbitrary attitude

X-Y-Z system Coordinate system fixed to the buoy with the
X-direction parallel to the buoy keel

X 1-y -zI system Coordinate system fixed in inertial space with
the X-direction parallel to the natural horizon

AX, AY, AZ Relative coordinates between points A and B

in the X-Y-Z coordinate system

AX , AY , AZ Relalive1 coyrdfnates between points A and B
in the X -Y -Z coordinate system

Angle between the X direction and the buoy keel
(buoy pitch angle)

Angle between the X direction and the line
between points A and B

Angle between the Z direction and the line

between points A and B

Angle between Z1 direction and the buoy upper

surface

Angle between the Z1 direction and the line

between points A and B

0 Angle between the X direction and the line
between points A and B
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ABSTRACT

Various pressure gages were experimentally evaluated
for potential use as depth sensors in submarine communica-
tions buoys. Accuracy, hysteresis and linearity were de-
termined over a temperature range as well as under simulated
long-term cycling. The effect of depth-gage mounting
location on communications and navigational accuracy is
analyzed, and methods of overpressure protection for shallow-
depth gages are discussed. Results indicate that the AERO-
MECHANISM, SENSOTEC, and CONRAC gages are the best candidates
for buoy applications. The mounting location of the depth-
gage can adversely affect the navigational accuracy.

ADMINISTRATIVE INFORMATION

The evaluation described in this report was funded by the Naval Electronics

Systems Command Program Element 1J.402N, Task Area X0793310, David W. Taylor

Naval Ship Research and Development Center Work Unit 1-1548-081.

INTRODUCTION

The David W. Tylor Naval Ship Research and Development Center (DTNSRDC)

was requested by the Naval Electronic Systems Command (NAVELEX) to evaluate

various pressure transduLers for potential application to Gubmarine communica-:tions buoys. Specifically, the investigation was to determine transducer

accuracy and repeatability for reading water depth under simulated long-term

cycling and over the expected operational temperature range.

To maintain reliable communications while remaining deeply submerged, SSBN

submarines are equipped with towed communications buoys. These are hydrodynamic

lifting bodies containing various antennas and the associated signal processing

equipment. The buoy is connected to the submarine by a towcable, which also

relays the various communications and instrumentation signals. The buoy oper-

ates in two distinct depth regimes. When the buoy is on the submarine, it is in

a deep-depth regime. During actual communicaticns, the buoy operates in a

shallow-depth regime, just beneath the water surface. The buoy depth can be set

for various depth ranges and is controlled by reeling or unreeling cable from a

winch mounted in the submarine. In the shallow-depth regime, a more accurate

depth measurement is required since communication signal strength is a function

of submerged depth. The buoy depth signal is used as input logic to various

control systems. These include a system for changing the cable winching rate

II



from fast to slow when the buoy reaches a depth of 50 ft (15 m). The depth

signal i; used also to arm the buoy destruct system as well as to control the

cable winch. Therefore, the buoy requires a depth-measuring system with a large

overall range as well as high accuracy in the shallow depths.

Currently. POSEIDON submarines are equipped with the AN/BRA-BC buoy, which

uses a combination of deep and shallow depth transducers manufactured by AERO-

MECANISM, INC. The TRIDENT submarine will be equipped with the TRIDENT (AN/

BRR-6) buoy which uses a dual-transducer depth-measuring system man actured by

the CONRAC corporation. Both the AN/BRA-BC and the TRIDENT buoys have undegone

at-sea evaluations for extended periods.

Experience with these transducers has revealed several problem areas

requiring investigation. At unpredictable intervals, the depth indication has

been lost or exhibited large errors. The temperature of the buoy's operating

medium can change over a large range and this also affects depth-gage accuracy.

When the buoy is being towed at shallow depths, it is often in the presence of

waves. As waves pass over the buoy, the pressure constantly changes, resulting

in long-term cycling of the depth gage. It has been observed that depth-gage

performance changes as time in service increases. Since the shallow-depth gages

do not have an operational range sufficient to cover the submarine's operation

depth, a blanking valve is required to prevent overpressurization and damage to

the gages when the buoy is operating in the deep-depth regime. Problems have

arisen with respect to such a bldaking valve used in the AERO-MECHANISM gage.

Finally, the effects of mountin'.. location of the gages on the buoy depth signal

for various buoy motions and Lhe 'su±in errors need to be determined to

ascertain the effects on communicationis aid naviigational accuracy.

This evaluation was conducted in an attempt to solve these problems.

As the POSEIDON submarines are scleduled to be fitted with the new POSEIDON buoy,

replacing the existing AN/BRA-SC buoy, it is desirable to use as much as possible

of the circuitry that has already been developed for the TRIDENT buoy. This

includes the depth gages and processing circuitry, if feasible. This investi-

gation examined the AERO-MECHANISM and CONRAC gages, as well as four additional

depth gages suggested as a result of similar work performed at DTNSRDC.

The gages were manifolded together and subjectad to various temperature

cycles and simulated long-term pressure cycles by using a pressure simulation
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apparatus with an automatic cycling feature, in conjunction with an oven and a

freezer. The resulting data were statistically analysed and gage accuracy,

linearity, and several other statistical quantities were determined. A survey of

available overpressure protection devices was made. The resulting devices are

analyzed, along with suggested modifications. Finally, a theoretleal analysis

of the effect of depth-gage mounting location based on trigonometric relation-

ships in the buoy was completed.

This report presents the results of the cycling and accuracy studies both

graphically and in tables. Parameters significantly affecting depth-gage per-

formance are identified. The effect of temperature variation on gage accuracy

is reported and the effect of long-term cycling is given. Details of the over-

pressure protection devices are explained, and recommendations are made as to

further development. The equations for the mounting location analysis are pre-

sented and an example of their use is given. Finally, the computer-generated

results of the statistical analysis of the pressure versus gage output relation-

ship are tabulated in the appendix.

DEPTH TRANSDUCERS

Seven depth transducers were evaluated. The transducers chosen are either

currently used in communications buoys or are being considered for future systems.

The AERO-MECHANISM gage is currently used in the AN/BRA-8C buoy. The gage con-

sists of separate low- and high-pressure potentiometric sensors connected by a

blanking valve (overpressurization protection mechanism) which limits the

pressure to the low-pressure sensor. The CONRAC gage is used in the TRIDENT

AN/BRR-6 buoy. The SPARTON- ,OUTHWEST gage was the first gage used in the

TRIDENT buoy but was replaced by the CONRAC gage due to inconsistent and un-

dependable performance. The SENSOTEC gage is being used successfully in another

project at DTNSRDC. The FOXBORO gage was recommended by virtue of its small

size, low cost and use of a silicon diaphragm for improved rezponse. Two

similar FOXBORO gages were evaluated for comparative purposes. The BELL & HOWELL

gage was suggested also for possible application in this program. The gages,

their ranges and requirements, are listed in Table 1.

3
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Based on previous depth gage calibrations, the relationship between

pressure and the output signal is nominally linear and is expressed by the

equation:

Pressure = A * output + B (1)

where output is either volts or ohms, A is the gage sensitivity (psi/ohm or

psi/volt), and B is the zero offset (volts or ohms).

EXPERIMENTAL APPARATUS AND PROCEDURES

The gages were evaluated for their performtance characteristics when exposed

to temperature extremes and pressure cycling. The characteristics of the over-

pressure protection devices were evaluated also using the apparatus and pro-

cedures in the following sections.

DEPTH-GAGE ACCURACY AND TEMPERATURE EFFECTS

The experimental apparatus is shown schematically in Figure 1. A dead-

weight pressure calibrator is used to apply a known pressure to all the gages

r simultaneously through a manifold block. Various combinations of accurately-

known calibration weights are placed on a piston of known cross-sectional area

supported by hydraulic oil. The resulting pressures are accurate to within

0.1 percent of the desired pressure. The pressure calibrator is shown in

Figure 2. Pressure is increased in 10 psij, (69 kPa) increments between 0 and

100 psig (690 kPa) and in 50 psig (345 kPa) increments between 100 and 650 psig

(690 and 4480 kPa), and then back to zero with the same increments. Several

cycles were applied at room temperature, in an electric oven and in a freezer.

Experimental conditions are summarized in Table 2. The gages were coupled to

the manifold block with 1/4-inch copper tubing, as shown in Figure 3. The three

gages with a 500 psig (3.4 MPa) range were all placed on one tube with a valve

used to close the tube at pressures above 500 psig (3.4 MPa). The gage outputs

were read on digital voltmeters accurate to + 0.001 volt as calibeated by .a

National Bureau of Standards approved millivolt standard 4 0.1 degree Celsius

voltage generator. The temperature was determined to + 0.1 degree Celsius with

a nickel-chromium thermocouple and read on a digital voltmeter. The immersion

fluid used for the calibrations was hydraulic fluid.

5
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(U) TABLE 2 - EXPERIMENTAL CONDITIONS FOR TEMPERATURE

(UNCLASSIFIED) VARIATION ANALYSIS

Temperature Temperature No. of Pressure
Cycles

C +0.1 C F +0.2 F

-15 5.0 3

24 75.2 5

31 87.8 2

38 100.4 2

50 122.0 2

Upon completion of the calibration cycles, a computerized first-order

least-squares equation was fitted to each set of common temperature cycles.

Based on the fitted equation, the sensitivity and zerc-offset for each tem-

perature were determined, as well as the maximum and average deviations of

the measured data from the fitted line.

EFFECTS OF SIMULATED LONG-'"ERM CYCLING

To provide realistic conditions for evaluating gage survival, 2 years

of actual at-sea operations were simulated since this would be a reason-

able length of time to expect accurate transducer operation. Based on a

deployment rate of six times per year and simulating the actual winching

rates of 50 and 150 feet per minute (15 and 46m/s), the schedule of test-

ing shown in Table 3 was developed. The sequence of four pressure ranges

required 1 week to complete, and the entire sequence was repeated for

4 weeks.

An automatic cycling system was constructed using a combination of

pneumatic and hydraulic componenets to vary the pressure. The maximum

pressure, the rate of change of pressure, and the time per cycle could be

controlled. A dead-weight pressure calibrator was also incorporated,

and a calibration was performed on all of the gages once each day, with a

11 F ID PAG BLAa.WIT F



(U) TABLE 3 - SIMULATED LONG-TERM CYCLING SCHEDULE

(UNCLASSIFIED.

Pressure Pressure Equivalent Winch Rate Total Cycles

Range Range (Rate of Ascent or Per Week*

psi mpa Descent)

0-10 0.07 4.5 ft/sec (10 sec/cycle) 25,000

0-200 1.37 3.0 ft/sec (5 min/cycle) 264

0-500 3.44 2.5 ft/sec (15 min/cycle) 4

0-650 4.48 2.5 ft/sec (20 min/cycle) 4

* Total cycles after 4 weeks = 101,088

complete calibration performed at the end of each week. The experimental

apparatus is shown in Figure 4.

For each gage, the calibration cycles performed at the end of each

week were analyzed as described for Depth-Gage Accuracy and Temperature

Effects. With this procedure, the degradation of gage accuracy and the

change in fitting coefficients with number of cycles were determined.

A SURVEY OF OVERPRESSURE PROTECTION DEVICES

Inquiries were directed to the manufacturers of depth gages evaluated

in this project requesting design details or suppliers of overpressure

protection devices. Most manufacturers neither made nor supplied such a

device but would design one upon request. CONRAC Corp. did produce such

a device but claimed it was proprietary and would not release details.

Details of another mechanism were obtained from a previous purciase for

another project by another group at DTNSRDC. AERO-MECHANISM, Inc. did

provide drawings on their overpressure protection device. Thus, only

two devices will be discussed.

DEI TN-GAGE MOUNTING LOCATION ANALYSIS

The analysis of the effect of depth-gage mounting location incorpo-

rates several assumptions. First, since the depth transducer pressure

port is inside the buoy, and since most of the buoy's volume is occupied

12
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by buoyancy tanks, syntactic foam and Instrument cans, it is assumed that

there are no dynamic flow patterns near the depth-transducer. This implies

that the depth indicated by the transducer is solely the static water pressure

for that given depth. The second assumption is that buoy pitch angle is

measured as the angle between the horizon and the buoy keel. The third

assumption is that at a roll angle of zero, the upper surface of the buoy

in the transverse direction is parallel to the horizon.

Based on these assumptions and an analysis of the buoy geometry, the

relative positions of the depth-transducer and an arbitrary point in the

buoy can be determined for any combination of buoy pitch and roll an,.les.

Once these positions have been determined, the effect of the depth differ-

ence on cal-alated auxiliary antenna floating length and submerged trail

distance can be calculated. An example of the calculations for the POSEIDON

buoy is given in Appendix B.

I
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V

RESULTS AND DISCUSSION

The results of each performance evaluation are discussed in the following

sections.

DEPTH-GAGE ACCURACY AND TEMPERATURE EFFECTS

The results of the sensitivity and offset calculations for this phase of
the depth-gage evaluation are given in Tables 4, 5, 6 and 7 in Appendix A and

are presented graphically in this section. The tables present the results of

the data-fitting analysis. For each gage listed, the following information is

given:

a. The maximum operating pressure (psig)

b. The coefficients of the first-order least squares fit:

Pressure = A * output + B

where output = ohms for the Aero-Mechanism gage and volts for all other gages

and A is the gage sensitivity (psi/volt or psi/ohm) and B is the zero offset

(volts or ohms)

c. The correlation coefficient (this indicates the degree to which the

data fit a straight line. A perfect fit has a correlation coefficient of 1.000.)

d. The variance in psig, which is an estimate of the standard deviation

of the data from the fitted line.

e. The maximum deviation from the fitted line in pslg.

f. The maximum deviation expressed as a percent of the gages' operating

range.

Two calibrations were performed for each temperature to account for- changes

in the gage characteristics in different pressure ranges. These calibrations

are:

1. 0-30 psig (0-206 kPa) equivalent to 0-68 ft (0-21m) depth of

seawater.

2. 0-650 psig (0-4.4S MPa) equivalent to 0-1467 ft (0-4 47m) depth of

seawater.

The data from Tables 6 and 7 of the Appendix were used in plotting Fig-

ures 5 to 11, which show the effects of temperature on each gage. The upper

graphs show the zero-shift B while the lower graphs show the sensitivity A.

16
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It should be mentioned that several of the gages incorporate temperature

compensation circuitry. These gages are generally strain-gage type transducers.

Potentiometric type gages include mechanical linkage arrangements designed for

temperature compensation.

Comparing the effect of temperature on the coefficients of the least-squares

fitted line for the four strain-gage type transducers (i.e. BELL & HOWELL,

SENSOTEC AND FOXBORO #I AND #2), it appears that for three gages there is a

general trend for sensitivities to increase with increasing temperatures. This

does not hold true for the BELL & HOWELL gage, however, Further, the sensitivity

changes for calibrations over different pressure ranges. There does not appear

to be any correlation between gages concerning the zero pressure (y-axis intercept).

In some cases, the function increases monotonically with temperature, while for

other gages, there are several inflection points. It should be remembered that

the temperature effects on the two FOXBORO gages may be decreased with the

addition of temperature compensation circuitry. Depending on the operational

temperature range expected, it may be necessary to correct the fitting coeffi-

cients to avoid errors on the order of several feet.

Figures 12 and 13 allow a direct comparison of data for the different gages.

In the upper graphs, the difference between the zero-shift at each temperature

and the zero-shift at room temperature, which was 75 degrees Fahrenheit (24 degrees

Celsius), are shown (i.e. B other temperature - B room temperature). The lower

graphs show the ratio of the gage sensitivity at the temperature of interest to

the gage sensitivity at room temperature.

A comparison of the effects of temperature on the coefficients between

gages is best seen in Figures 12 and 13. It appears that for the 0 to 650 psi

(0-4.5 mpa) calibration, the sensitivities of the CONRAC and SENSOTEC gages are

least affected by temperature, but for the 0 to 30 psi (0-206 kPa) calibration,

the CONRAC performance is also degraded. The effect of temperature on the zero-

voltage pressure is strongly a function of the temperature range of interest.

For example, in Figure 13 if one is not concerned with low temperatures, the

SPARTON SOUTHWEST gage coefficient "B" is least affected by temperature but is

the worst at low temperatures. In Figures 12 and 13, it was decided not to

connect the data points as many curves would cross each other, thereby detracting

from the clarity of the information presented.
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Figures 14 and 15 show maximum deviations of measured data from the fitted

line as functions of temperature for all gages, while Figures 6 and 7 present

the maximum deviations expressed as a percentage of each gage's maximum operating

pressure for the temperature range.

The effect of temperature on the maximum deviations is presented in Fig-

ures 14 to 17. The requtred depth accuracies are + 7 in. or 0.26 psi (+ 17.8 cm

or 1.79 kPa) from 0-50 ft or 0-22 psi (0-15 m or 0-151 kPa) and + 20 ft or

8.86 psi (+ 6.1 m or 61 kPa) from 0-1467 ft or 0-650 psi (0-44 m or V-4.48 MPa).

Since a given error in psi can represent a different percentage of various gages'

maximum operating pressures, both the deviation in psi and feet and the deviation

as a percentage are shown. Based on Figure 15, the only gages that meet the
deep-depth requirement for the entire temperature range are AERO-MECHANISM,

SENSOTEC, and CONRAC. Both the SENSOTEC and the CONRAC gages are accurate to

within + 4.5 ft (1.4 m) for the entire temperature range, or 0.15 percent of full

scale. If the area of interest does not include extremely cold temperatures

(0 degree Celsius), the CONRAC gage is accurate to + 1.8 ft (0.54 m) or 0.15 per-

cent and the SENSOTEC gage is ahcurate to + 1.35 ft (0.41 m) or 0.075 percent.

Figure 14 shows the maximum deviation in psi as a function of temperature for a

0 to 30 psi (0-207 kPa) calibration. It should be mentioned that the same gage
was used for both deep- and shallow-depth calibrations. However, in actual

applications, two gages are often used, with the shallow-depth gage having a

much lower sensitivity (i.e. smaller coefficient "A") than the deep-depth gage.

Since it was not feasible either economically or logistically to purchase both

gages, it may be assumed for most gages that the percentage of full-scale

accuracy would be the same for both low- and high-pressure gages. Thus, a

650 psi ( 4 .5MPa) gage calibrated from 0 to 650 psig (0-4.5 MPa) with a 0.2 per-

cent accuracy would correspond to a 50 psig (344 kPa) gage with a 0.2 percent

accuracy or 0.10 psi (6.9 kPa), which is well within the shallow-depth accuracy

requirement.

Low-pressure calibrations are more susceptible to voltage fluctuations,

friction, weight inaccuracies, etc., since these represent a larger percentage
of the input parameters than they would for a high-pressure calibration. There-

fore, the output is likely to be "noisier".
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From Figures 14 and 16 the AERO-MECHANISM, CONRAC and SENSOTEC gages are

within + 1 pli (7 kPa) for the entire temperature range. This corresponds to

0.1, 0.2 and 0.13 percent, respectively. If 50 psig (344 kPa) gages were used,

the resulting accuracies based on the same percentages would be 0.05, 0.1 and

0.065 psig (344, 689 and 448 pa) or 1.35 in., 2.70 in. and 1.76 in. (3.43 cm,

6.85 cm and 4.47 cm), respectively.

EFFECTS OF SIMULATED LONG-TERM CYCLING

The results of the cycling investigation are presented in this section and

Tables 6 and 7 in Appendix A. They are based on the complete calibrations

performed at the end of each week of cycling. All cycling occurred at 24 degrees

Celsius + 2 degrees. The baseline values for gage performance are derived from

the four complete calibrations at room temperature (24 degrees Celsiuls) performed

prior to beginning the long-term cycling. The analysis is shown for two pressure

ranges: 0-30 psig (0-207 ka) and 0-650 psi (0-4.5 IMPa).

Figures 18 to 20 show the effect of cycling on the least-squares fitting

coefficients. The upper graphs present nondimensionalized sensitivities for each

gage, while the lower graphs present the shift in zero-offset from the room

temperature value. Based on the 0-30 psi (0-207 kPa) calibration in Figure 18,

the AERO-MECHANISM gage is least affected by cycling, followed by SENSOTEC and

CONRAC gages. The change in sensitivity for these three gages is less than one

percent, while the maximum change in the y-intercept is less than 2 psi (14 kPa).

Shifts in the coefficients for the BELL & HOWELL and SPARTON-SOUTHWEST gages are

as great as 60 percent and 35 psi (240 kPa) for the sensitivity and zero-shift,

respectively. Figure 19 shows the same quantities for a 0 to 650 psi (0 to

4.5 MPa) calibration. The sensitivity for the AERO-.MECHANISM gage shifted by one

percent, while the CONRAC and SENSOTEC gage sensitivities shifted less than

0.1 percent. From Figure 20, the FOXBORO gage coefficients shifted as much as

500 percent and 200 psi (1.4 MPa) for the sensitivity and zero-shift, respectively.

Figures 21 to 23 show the effect of cycliug on the maximum deviation of data

form the fitted line. All gages but SPARTUN-SOUTHWEST showed no increase in the

maximum deviation as a function of the number of cycles. In fact, several gages

actually show an increase in overall accuracy. The only explanation that can be

offered at this time is that some gages require a certain "working-in" period to

eliminate any mechanical "memory" and to reach a steady-state condition.
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Figure 23 shows the effect of cycling on maximum deviation for the FOXBORO gages.

In both calibration ranges, the accuracies substantially deteriorate with cycling,

but the relationship is not monotonic (i.e. the maximum deviations do not occur

after the maximum number of cycles). The causes for this marked deterioration in

the FOXBORO gage performance are seen in Figures 24a and 24b. The gages become

highly nonlinear below 100 psi (690 kPa), resulting in large errors when fitted

with a straight line. Figure 24a shows that the sensitivity for the 0-650 psi

(0-4.5 MPa) calibration is almost identical to the original precycling sensi-

tivity. The large errors occur in the lower pressure range.

A SURVEY OF OVERPRESSURE PROTECTION DEVICES

Figure 25 shows the AERO-MECHANISM Overpressure Protection device. The

deep-depth gage, shallow-depth gage and blanking valve (protection device) are

all mounted together as a single unit, with the blanking valve between the two

depth gages. The operation of the valve is described below.

Ambient water enters the valve through the inlet port 11. The water passes

through channels in the base and fills the interior of the valve assembly

(excluding the bellows 5), passing into the shallow-depth gage through the inlet

port 10. The water also applies pressure to the baseplate 7 of the bellows,
tending to compress the bellows. The adjustment screw 2 and pretensioning spring

9 can be adjusted to vary the spring constant of the bellows assembly. As the

pressure increases, the bellows -_:n-±inue to compress. Piece 6 is a disc-shaped

plate wich an "0-.ring" and is connected to the bottom of the bellows. When the

bellows are compressed sufficiently (when thL desired closing pressure is reached),

the plate 6 seats against the bottom of the valve housing, preventing any further

flow or increase of pressure in the valve and shallow-depth gage. Since part 6

is actually threaded onto a threaded rod attached to the bellows 5, the distance

required for the bellows to compress, and thus the closing pressure, can be varied

before the "0-ring" surface seats.

The main advantages of this device are its adjustability and low friction

characteristics, allowing closing pressures to be extremely accurate. The main

disa&antages are the mechanism's complexity and estimated high cost of fabrication.

(The manufacturer would not reveal this cost.)

Details of the second device are shown in Figure 26. The mechanism uses a

cylinder/piston arrangement with sliding "0-rings" to maintain the required fluid

39



(edw) JWfSSJ~d

coo

00 0

0 0

D L C

C.)L

00

44 -4

0 00L

0.0

42 -- --

U..

4J

0 L

LiiO

0) -C-

In -r

C:) C) - -) 0
C. 0: 0 0C0 0 0)

zO k(YO)tC
to

.r~4 ( Sd) HnmS3bd

40



(Rdl) 3bnSS3Vd

CD CD CD0 0

Lfl C*40

wn w
coo

I UL LUJ-L
F- w~

La. LL CD Y%

L) ca

4J

o 0o

C.)J

F- -

CL 0

LU 6

C'4C)

IL
C))

00 to 0 0

(isd) 3bnfSS8d

41



HI

0

I co
nI 0

a
U)

In

400

42-



(UNCLASSIFIED)

TO SHALLOW DEPTH GAGE

WATER

AI

Po PISTON

LSPRINGS

.-0 RINGS

() Figure 26a - Original Blanking Valve

(UNCLASSIFIED)

I TO SHALLOW DEPTH GAGE

WATER OI

Po -
SPISTON 

I

0

DIAPHRAM L PEG AND SPRING

S0 RINGS

(U) Figure 26b - Redesigned Blanking Valve

Figure 26 - Alternate Blanking Valve

43



seals. Initially the spring is fully extended and water flows past the

first "O-ring" and into the shallow-depth gage. As pressure increases,

the piston slides back and the forward "O-ring" seats on the level, stop-

ping all further flow. The device shown in Figure 26a did not function

properly, however, since the "O-ring" seated on the level continues to

compress as pressure increases and allows the pressure in the shallow-

depth gage to increase.

The problem was corrected as shown in Figure 26b. The bevelled pis-

ton was eliminated and replaced with a straight cylinder. Then, once the

forward "O-ring" seats, no further compression occurs and the pressure

in the shallow-depth gage remains constant. Also, a positive stop was

added to the cylinders to prevent overtravel, and oil is used in the

device to prevtnt corrosion in the depth gage.

One such device has been fabricated at a cost of $300.00 and some

testing has been performed. The device functions properly at the pres-

sures required for submarine communications buoys. However, some prob-

lems do exist. The sliding "O-rings" produce very high friction, which

may prevent accurate setting of closing pressures as well as requiring

periodic replacement of the "O-rings". At present, a new spring is

required for each closing pressure. It is believed, however, that a

pretensioning screw could be installed to provide some variability with

each spring.

The advantages of this device are its simplicity, low cost of fab-

rication and extremely small size (approximately 1 in. long (25.4 mm)

and 0.5 in. (12.7 mm) 12.7 mm) diameter).

DEPTH-GAGE MO1INTING LOCATION ANALYSIS

The geometric analysis of the effect of buoy pitch and roll on the

relative positions of two points representing the locations of the depth

gage and the point in the buoy to which buoy depth is referenced is pre-

sented in Appendix B. The resulting equations are used to determine the

errors in antenna floating length and submerged trail distance (the

distance between the submarine and the electrical phase center of the

antenna).

For a maximum pitch angle of 15 degrees and a maximum roll angle of

2 degrees at a speed of 6 knots and a buoy depth of 8 ft (2.5 m), the

calculated floating length error is 23.92 ft (7.29 m) and the submerged
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trail error is 11.92 ft (3.63 m). Based on a nominal floating length of 97.00 ft

(29.56 m) and a nominal submerged trail of 151.01 ft (46.03 m) (Reference 1), this

is equivalent to a 24.6 percent error in floating length and a 7.9 percent error

in submerged trail.

CONCLUSIONS AND RECOMMENDATIONS

Based on the analysis of the effect o! temperature and long-term cycling on

depth-transducer accuracy, linearity and repeatability, the following conclusions

are drawn:

1. The effects of temperature on gage-performance cannot be neglected,

particularly in the shallow-depth range.

2. The behavior of the "fitting" coefficients as a function of temperature is

different for each gage and is dependent on the temperature rang of interest.

3. The only gages meeting deep-depth accuracy requirements over the entire

temperature range are the AERO-MECHANISM, SENSOTEC AND CONRAC gages.

4. Only the FOXBORO and SPARTON-SOUTHWEST gages exhibit a decrease in

accuracy with increased cycling. Several gages exhibit a slightly increased

accuracy with increased cycling.

5. The gages least affected by long-term cycling are the AERO-MECHANISM,

CONRAC, and SENSOTEC gages.

6. The AERO-MECHANISM device is too large and undependable for long-term

operation.

7. Substantial errors in the calculation of auxiliary floating wire length

and submerged trail could result as a function of buoy attitude changes.

It is therefore recommended that:

1. The depth-signal processing circuitry should incorporate corrections

for temperature effects.

2. Either the SENSOTEC or CONRAC gages should be used for submarine

communicat ions buoys.

3. The alternate blanking valve design be further evaluated for incorporation

into the chosendepth gage.

4. The depth transducer should be mounted as close as possible to the

point in the buoy where true depth must be accurately determined.
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APPENDIX A

TABULATED RESULTS OF THE LEAST-SQUARES FITTING ANALYSIS

Tables 4 to 7 are the results of the least-squares first-order fitting

routine as generated by the computer. Tables 4 and 5 contain results for the

analysis of temperature effects for 0 to 30 psig (0 to 207 kPa) and 0 to 650 psig

(0 to 4.5 MPa) calibrations, respectively. Tables 6 and 7 contain results of the

simulated long-term cycling for 0 to 30 psig (0 to 270 kPa) and 0 to 650 psig

(0 to 4.5 MPa) calibrations, respectively.
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(u) TABLE 4 - LEAST-SQUARES FITTING RESULTS FOR A 0-30 psi (0-207 kPa)
CALIBRATION AT VARIOUS TEMPERATURES

TABLE 4a - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 1 To 3
LOW-TEMPERATURE CYCLES -15 DEGREES C

(UNCLASSIFIED)1-AG7

THlE FITTING FUNCTION IS: PPESSUPEa A'VOJLTAGE + B PAGE .

GAGE NO. I AERO-M~ECHANICAL GAGE NO* 2 SPAPTON-SU'ITIIWEST
MA*:- PESSUPE a 600 PSI MAX PPESSURPE a 500 PSI
A( I)= 0.115 BC 1)c -1.108 AC 2)z 105.597 BC 2)m -73.323
COPRELATION COEFFICIENT= 1.000 COnPELATIUN COEFFICIENT& 0*998
'APIANCEa 0.10 15SI VAOIAhCE 0.66 "qI
MAvIMTTM DEVIATIONs 0.23 rSI NAXIMUM DEIIIATIONv 1.40 PSI
Cl 0.04 PEq CENT CF FUJLL SCALE CI' 0.28 PER CENT OF FULL'SCALE

GAGE NO* 3 SENSOTEC GAGE NC. 4 BELL AND hCWELL
N A" vTEqS!SRE 4730 oSI MAX rPESS'JE a0 PS1I'l

AC 3)z 146.592 BC 3)a -2.756 AC 4)=12121*212 BC 4)x -aol41
CCTIPELATIG-N CCEFFICIENT= 0.999 CCrPELATION COEFFICIENT= 0.663
"AnIANCE= 0.39 PSI VAPIANCE a 13.20 PSI
ojAVIMU2TM DEVIATION= 1.02 0S1 NAXINUM DEVIATIOiI. 10.10 PSI

CP0.14 "En CENT CF FULL SCALE CR 22P CTUFFLSAE

3AGE 1NCo 5 CCNPAC GAGE [(.Ce 6 ITC NyO.!
i-sAV DEccTPE a 300 PSI MAX PPESSUPE 1000G PSI
AC 3)z 35.143 SC 5)x -83o30a_ AC 6)z 2259.837 BC 6)x -0.395
CCnnELATION CGEFFICIENTs 1.000 CCJRRELATI(JN CUEFFICIENTz 0e999
VAOIANCE& 0.27 PqI VAOIANCE 0.G42 PSI
MAXIMT~iM DEVIATICE.= 0.43 PSI MAYIP0.1M DEVIATICN2 0.90 PSI
C' 0.09 '3EP CENT CF FUJLL SCALE Or 0.09 VEP CENT OF FfTLL SCALE

!A32 NC. 7 ITC N~o2 GAGE hC. 0
hA" "rESIfJ0 E =1000 ncI NAY~ PPESS'TnE G 0 r'I
A( 7)z 2063*;33 BC 7)= -5.113 AC G)m 0.000 bC 0)a 0.000
CC"P'ELATICN CCEFFICIENT= 0.999 CCnPELATILN COEFFICIENTz: 0.000
VJ"'IAhCEa 0.41 PS1 VAnIAIC\CE = Z#Go PSI
vjA','I1YsTN DEVIATICi, 0.37 "51I MAX IMTTN DEVIATICt.N 0.00 ;SI

C~ .0C~E CET U FJLLSCAE L" 0.00 r"Er CELT LS FULL SCAL
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(U) TABLE 4 (Continued)

TABLE 4b - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 1 TO 4

ROOM-TEMPERATURE CfCLES 24 DEGREES C

'UNCLASSIFIED)

2-AUG-73

THE-FITTING FUNCTION ISs VRESS'JEz A1 VLTLAGE + B PAGE I

iAGE hC. 1 AET#C.MECHANICAL GA~GE NO. 2 SPAITGN-SOTTTHWEST
L1A' P"ESSIPE a 606 "SI MAY rrESSU"PE c50G PSI
A( 1)a 0,113 BC 1)s -1.176 AC 2)= 105.773 BC 2)- 0.525
COPPELATIOtN COEFFICIENT= 1.e30 COPELATION COEFFICIENT= 0.997
VAWnIANCE& 0.13 PSI VAOIANCE G*093 PSI
hAvIMUM DEVIATICNz 0.30 PSI NAYI'JIN DEVIATI O~z 1.41 PSI
OP 0.05 PEP~ CENT OF FtILL SCALE 00 0.23 PEr CENT CF FlULL 9CALE

'3A5E NO* 3 SENSCJTEC GAGE NC.e 4 BELL AND HOWELL
4MAY nRESSURE a 750 PSI MAX PFESSUPE m 5OG PSI

A( 3)r- 149o533 SC 3)-- -2.199 AC 4)=10952.904 B( 4)a -0.411

CLJ"PELATICN COEFFICIENTs 1.O00 CGPflELATICON COEFFICIENTz 0.940'
V ~ARIANCE= 0.21 PSI VAPIAL4CE 4.20 PSI
M'AYIMT)M DEVIAT10N= 040 "51 NAXIMUN DEVIAT~kAb 12.47 PSI
Or 0.05 PEP CENT OF FUILL SCALE uP 2.49 PE CENT UF FULL SCALE

GAGE NC. 5 COlNPAC GAGE NO. 6 ITC W091
MAX nnESISU"E a 500 "SI MAY OnESS'YPE =1000 PSI
AC 5)m 86.430 BC 5)= -36*00 AC 6)x 2402.4G2 BC 6)= 2.312
CCPELATICJN COEFFICIENT= I-000 CfO RELATICLN CGEFFICIENTz G#996
'JA'IANCE= 0.1s PSI VAI IANCE z 1.02 ISI
MAvIM1IM DEVIATIC-Nx 0.30 VqI tVJVIMtTM DEVIATIONx 2.31 PSI
C") 0.0o PEO CENT UF F'ULL SCALE C" 0.23 PE17 CENT OF FULL ' CALE

3AGE NG* 7 ITC NO.2 GASE NL9 G
NAX 0L"ESclJPE =1000 "lSI PjAX r"ESSTJPE a 0 PSI

AC 7)m 2133.333 BC 7)= -2.800 A( 0)m 0.000 BC 0)a G.000
CCrnELATIWCN COEFFICIENT= 0.994 COPPELATIGN CCEFFICIENT= 0.600
"A'IANCEz 1.25 "Sl VArIAvCE z 0.00G "S1
FAYpI-'th DEVIATlIUNm 2.13 "'S I MAX Il'jUi DEVIATIU~= 0.00 tSI

GC' 0.21 rEP CELT LF FULL SCALE Cr 0.00 rEP CENT uF FULL SCALE
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TABLE 4 (Continued)

(U) TABLE 4c - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 5
ROOM-TEERATURE CYCLES 24 DEGREES C

4-AUG-78

(UNCLASSIFIED) 
4AG7

THE FITTING FUNCTION ISs PRESSUPEn A*V6LTAGE + B PAGE I

GAGE NO. I AERO-MECHANICAL GAGE NO. 2 SPARTUN-SOUTHWEST
MAX ORESSUPE a 600 "SI MAX PRESSURE a 500 PSI
A( I)a 0.l0 B( I) -0.601 A( 2)u 100.959 B( 2)" -70.146
CCPPELATION COEFFICIENT= 1.000 CORRELATION COEFFICIENT= 0.999

VARIANCEm 0.23 PSI VARIANCE a 0.51 PSI

MAYIMUM DEVIATIONs 0.31 PSI MAXIMOM DEVIATION* 6.51 PSI
OP 0.05 PEP CENT OF FULL SCALE OR 6.10 PEP CENT OF FULL SCALE

GAGE NO. 3 SENSOTEC GAGE NC. 4 SELL AND HOWELL
MAY DRESSUUE a 750 PSI MAX OPESSUPE a 500 PSI
A( 3) 144.404 5( 3)z -1.047 A( 4)=14765.832 8( 4)w 14.265
COP"ELATION COEFFICIENT= 6.999 CIPRELATI01 COEFFICIENT- 0.996
VA"IANCEn 0.46 PSI VAPIANCL a 1.14 PSI
MAeIMT!M DEVIATION' 0.65 PSI MAXIM1UM DEVIATION= 1.62 PSI
CP  0.09 PEP CEI,.T CF FULL SCALE O 0.32 PEP CENT CF FULL SCALE

GAaE NO. 5 CGNPAC GAGE fvG, 6 ITC NL.l
MAX vPESSURE a 500 PSI hAX vvESSUPE '1000 PSI
A( 5)z 84.388 B( 5)a -81.857 A( 6)z 2298.851 B( 6)a 3.218
COPRELATIGN CCEFFICIENT' 0.999 COPRELATION CuEFFICIENT' G.996
VARIANCEa 0.45 PSI VARIANCE = 1.21 PSI
MAXIMUM DEVIATIONs 0.55 PSI NAXINUM DEVIATIUN' 1.61 PSI
OP 0.ll PEP CENT LF FULL SCALE 0" 0.16 PER CENT LF FULL SCALE

GAGE NO. 7 ITC NO.2 GAGE NO. 0
MAY PPESSU"E z1000 PSI MAY PqESSUPE a 0 PSI
A( 7)z 2150.538 B( 7)x -2.473 A( 0)=  0.000 B( 0)' 0.000
CORRELATION COEFFICIENT' 0.999 CGORELATION COEFFICIENT= 0.000
VARIANCE' 0.73 PSI VARIANCE a 0.00 "SI
MAYIMUM DEVIATION' 1.18 1;I MAXIMT"M DEViATIG= 0.00 PSI,
OR 0.12 PEP CENT CF FTLL SCALE OP G.0 OEP CENT LF FILL SCALE
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TABLE 4 (Continued),

(U) TABLE 4d - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 1 TO 2

HIGH-TEMPERATURE CYCLES 31 DEGREES C

31 -JUL- 78
(UNCLASSIFIED)

THE FITTING FuINCTION IS: DPESSUPE= ANVOLTAGE + S PAGE I

3AGE NO. I AEP'O-MECHANICAL GAGE NO. 2 SPARTUN-SCUTHIJEST
N~Av rPESS'lPE a 600 PSI MAX PPEgSU'IE m500 v~I
AC 1=a 0.116 3C 1)- -1.756 AC 2)m 104.603 BC 2)- -73.311
CC'PELATICN COEFFICIENTs 1.000 COPPELATION COEFFICIENT= G9998
'JA'IANCEz 0.34 t"5J VAPIANCE c 0.72 PSI
MAVIVIUM DEVIATION& G.L4 PSI MAXIMUM DEVIATIONa 0.98 PSI
0"' 0.07 PE1' CENT OF FULL SCALE GP 0.20 PE CENT OF FUJLL SCALE

GAGE NO. 3 SENSOTEC GAGE NO. 4 BELL AND hlOWELL
MAv TIPESSTJPE a 750 PSI MVAY PrESSUPE a 500 PSI
A( 3)z 130.094 BC 3)z -1.576 AC 4)-10389.611 BC 4)z -10.649
CCT'PELATION COEFFICIENT= 1.000 CCJRPELATION CCEFFICIENTa 0.994
VA"'IANCE= 0.13 PSI VARIANCE a 1.26 PSI!
IIA'/I1 DEVIATICN= 0.19 OSI MAXIMUN DEVIATIGNa 0.91 15SI
0" 0.03 PEP CENT CF FULL SCALE CP 0.13 PER CENT OF FULL SCALE

GAGE NO* 5 CCNPAC GAGE NU- 6 ITC NO.1
NLA" nnESSTTE =500 rSI LPA'- PR~ESS' 'TPE 1000O PSI
A( 5)= 39.526 B( 5)= -37.876 A( 6)= 2500.000 BC 6)z 2.5G0
CC"ELATION COEFFICIENT- 1.000 CGRPELATICL\ CGEFFICIENT& 1.000
'JA'qIAtNCE= 0.16 T"SI VAPIANCE = 0.00 PSI

MAIt-iUM DEVIATION= 0.31 nSI MAIMJM DEIIATIC4.= 0.00 GPSI
Cr" 0.06 r'ER CENT CF FULL SCALE Or' 0.30 PEP CENT CF FT.ULL SCALE

S AGE fO. 7 ITC NO.*2 GAGE NC. G
MA' VOEStVE =1000 rcI MjAX vl'ESSVJPE G011S
A( 7)x 2325331 SC 7)z -5.930 AC G)= 0.000 BC G)m 0.000
CO"ELATICto CfOEFFICIEN\T= 0.997 CO"'PELATILN CLEFFICIENTz 0.030J
V"IANCEz 0.92 PSI VAnIANCE 0.00G ISI

N.AYIIttM DEVIATION= 1 .2' PSI NAX I II 'I DEVIATIUNz 0.00 PS1
C'0.13 T'Er CEiVr OF FULL SCALE CP 0.00 PEP CENT OF FULL SCALE
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TAB3L 4 (Continued)

(U) TABLE 4e - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 3 TO 4
HIGH-T]W ERATURE CYCLES 38 DEGREES C

31 -JUL-7.5
(UNCLASSIFIED)

THE FITTING FUNCTION ISt PRESSUREn A*VCLTAGE + B PAGE I

GAGE NG. I AERO-MECHANICAL GAGE NO. 2 SPARTON-SOUTHWEST
MAX PPESSt)Y a 600 PSI MAX PRESSURE a 500 PSI
A( !)= 0.116 8( I)a -2.033 A( 2) .107.009 BC 2)a -75.530
CORRELATION COEFFICIENT- 0.999 CORRELATION COEFFICIENT•  0.998
VARIANCEn 0.39 PSI VARIANCE a 0.73 PSI
MAYIMUM DEVIATION= 0.64 PSI MAXIMUM DEVIATION. 1.16 PSI
OR 0.11 PER CENT OF FULL SCALE CR 0.23 PEP CENT OF FULL SCALE

GAGE NO. 3 SENSOTEC GAGE NO. 4 BELL AND HOWELL
MAY PRESSURE a 750 "5SI MAX PRESSURE x 500 PSI
A( 3)a 150.376 B( 3)a -1.190 A( 4)w 8421.053 B( 4)s -3.156
CORrELATION COEFFICIENT* 1.000 CORRELATILN COEFFICIENT• 0.964
VArIANCE- 0.08 'SI VAPIANCE a 3.30 PSI
MAXINvUM DEVIATION= 0009 PSI M AXIMUM' DEVIhTIOk= 3#68 PSI

OR 0,01 PER CENT OF FULL SCALE OP 0*74 VE CEN T OF FULL SCALE

A GAGE NO. 6 ITC NO.l
MAX PRESSURE a 500 PSI NAX PPESSURE 1lOGO PSI
A( 5)w 90.559 B( 5)8 -88.515 A( 6)x 2547.771 B( 6)a 2.102
CORRELATION COEFFICIENT= !.000 COPPELATION COEFFICIENTs 0.999
VARIANCEn 0.28 PSI VAPIANCE a 0.62 PSI
MAXIMUM DEVIATICNx 0.69 PSI MAXIMUM DEVIATIONs 2.10 PSI
CR 0.14 PEn CENT OF FULL SCALE OR 0.21 PER CENT OF FULL SCALE

GAGE NO. 7 ITC NO,2 GAGE NO. 0
MAX PRESSURE •1000 PSI MAX PPESSURE a G PSI
A( 7)= 2197.802 B( 7)x -4.231 A( G)x 0.000 BC 0)a 0.000
COPrELATION COEFFICIENTs 0.992 CORRELATION COEFFICiEkT= 0.000
IAnIANCEs 1.55 nSI VARIANCE a 0.00 PSI
MA"IUM DEVIATIONN 2.36 PSI MAYIMIN DEVIATION= 0.00 PSI
OR 0.24 PER CENT OF FULL SCALE OR 0.00 PER CENT OF FLL SCALE
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TABLE 4 (Continued)

(U) TABLE 4f - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 5 TO 6
HIGH-TEMPERATURE CYCLES -50 DEGREES C

31-JUL-78
(UNCLASSIFIED)

THE FITTING FUNCTION IS: PPESSURE= A*VOLTAGE + B PAGE I

GAGE NO. I AERC-MECIHAWICAL GAGE NM. 2 SPARTUN-SLUTHWEST
MAY PRESSURE a 600 PSI MAX PPESSTPE = 500 PSI
A( 1)= 0.112 E( 1)= -1.277 A( 2)z 103s342 B( 2)z -72e630
CO'RELATICN COEFFICIENT ,  1.0O0 CORRELATILN CGEFFICIENT= 0.999
VAPIANCE= 0.29 PSI VARIANCE z 0.57 PSI
MAXIMUM DEVIATICNm 0.5 PSI MAXIhUM DEVIATIUN= 1.10 PSI
OR 0.14 PER CENT OF FULL SCALE LR 0.22 PEP CENT C;F FULL SCALE

GAGE NC. 3 SEKSOTEC GAGE ',0. 4 BELL AND IHLWELL
MAX PPESSUPE a 750 PSI MAX PRESSURE = 500 PSI
A( 3)z 150,376 B( 3)z 6.314 A( 4)= 928G,743 B( 4)z -4,664
COPIRELATION CCEFFICIENT= 1600 C6n"ELATI1, COEFFICIENT= 0.967
VA1'IANCEa 0.22 PSI VATIANCE = 3.16 PSI
MAYIMUM DEVIATION= 629 PSI MAYvIllh DEVIATION= 4.62 1,
0" 0.G4 PEP CENT CF FULL SCALE C" 0.92 OEP CEhT OF FULL SCALE

GAGE NO. 5 CONPAC GAGE 1NC. 6 ITC NO.l
MAY "IRESSUPE a 500 PSI MAX POESStRE =1GO "SI
A( 5)= 38.145 BC 3)= -353264 A( 6)= 2522,068 S( 6)= G719
CO"nELATION COEFFICIENT= 1.000 CCPPLATIuk. CGEFFICIENT= 0,996
VA"IANCE= G.24 PSI IA"IAiNCE = 1.01 PSI
MA.It'IN DEVIATICN= 0.37 "SI MAYIE'-i, DEVIATION= 1.74 PSI
CT 0.07 PEP CENT CF FULL SCALE Cp 0.17 "EP CENT LF FULL SCALE

GAGE NO. 7 ITC NO.2 GAGE 1,6. G

vjAY Pr4ESSURE =I0G PSI iAX PESSIJPE = 0 PSI
A( 7)= 2237.136 5( 7)= -3.512 AC G)= G.GG 5( 0)= GGGG
CC"RELATII'. CCEFFICIENT= 0.990 CGRRELATILI COEFFICIELT= G.00G
VA"IALvCE =  1.73 PSI VAAICE z 0. 6 PSI
NAXIM'IM DEVIATION= 2.13 oSI 'AXI,'0Th DEVIATIU~n= O.0 PSI
C" 0.21 PEP CENT GF F"tLL SCALE OP 0.00 rE" CENT CF FULL SCALE
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(U) TABLE 5 - LEAST-SQUARES FITTING RESULTS FOR A 0-650 psi (0-4.5 MPa)
CALIBRATION AT VARIOUS TEMPERATURES

TABLE 5a - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 1 TO 3
LOW-TEMPERATURE CYCLES -15 DEGREES C

26-JUL-78
(UNCLASSIFIED)

THE FITTING FUNCTION IS: PRESSUREs A*VOLTAGE + B PAGE I

GAGE NO. I AERG-MECHANICAL GAGE NO. 2 SPARTON-SOUTHWEST
MAX PRESSURE a 650 PSI MAX PRESSURE a 500 PSI
A( I)= 0.119 B( 1) -0.500 A( 2)= 107.398 BC 2)- -78.316
CORRELATION COEFFICIENT= 1.000 CORRELATION COEFFICIENT= 0.997
VARIANCE* 1.06 PSI VARIANCE = 11.25 PlI
MAXIMUM DEVIATION= 1.94 PSI MAXIMUM DEVIATIONa 16.57 PSI
Cq 0.30 PER CENT OF FULL SCALE OR 3.31 PER CENT OF FULL SCALE

GAGE NO. 3 SENSOTEC GAGE N. 4 BELL AND HOWELL
MAX OPRESSUPE a 750 PSI MAX PRESSURE = 500 PSI
A( 3)v 149.639 SC 3)z -3@214 A( 4)=12083.274 B( 4)x -3.923
CORRELATION COEFFICIENT= 1.000 CORRELATION COEFFICIENTa 0.994
VARIANCE= 0.25 PSI VARIANCE =  17.99 PSI
MAXIMUM DEVIATION= 0.85 PSI MAXIMUM DEVIATION= 19.74 PSI
OR 0.11 PER CENT CF FULL SCALE OR 3.95 PER CENT OF FULL SCALE

GAGE NO. 5 CONRAC GAGE NO. 6 ITC NO.)
MAX PRESSURE a 300 PSI MAX PRESSURE =1000 PSI

A( 5)= 87.686 B( 5)o -86.696 A( 6)= 22369.748 BC 6)= 0.834
CORRELATION COEFFICIENTo 1.000 CORRELATION COEFFICIENT =  1.000
VARIANCE= 0.45 PSI VARIANCE z 1.48 PSI
NAYIMUM DEVIATION= 0.74 PSI MAXIMUM DEVIATION= 9.37 PSI
OP 0.15 PEP CENT OF FULL SCALE OR 0.94 PEP CENT OF FULL SCALE

1AGE NO. 7 ITC NG.2 GAGE NO. 0
MAX PRESSURE =1000 PSI MAY PRESSURE = 0 PSI
A( 7)= 2044.317 B( 7)x -3.680 A( ) 0.000 B( 0)a 0.000
CG"PELATIGC COEFFICIENT= 1.000 CORRELATION COEFFICIENT= 0.000
VARIANCEm 1.45 PSI VARIANCE a 0.00 PSI
MAXIMUM DEVIATION= 2.95 PSI MAXINUM DEVIATION= 0.00 "SI
OR 0.30 PER CENT OF FULL SCALE OP 0.00 PEP CENT OF FULt. SCALE
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TABLE 5 (Continued)

(U) TABLE 5b -PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 1 TO 4
ROO-T~MERATuRz CYCLES 24 DEGREES C

(UNCLASSIFIED) 2AG7

THE FITTING FUI,.CTILN IS: PESSI1PE= A*'JCLTAGE + 5 "AGEI

GAGE NC. I AE'PO-h"ECHAIICAL GAGE NU. 2 SPARTfil-SOUTWEST
MAY, nPESST1I9E 2 600 Dcl hAX rPESSURE = 500 PSI
A( 1)a 0.115 6C I)= G,.618 AC 2)= 101.120 BC 2)m 19197
COG"PELATIGN CLEFFICIENTz 1.000 CU'PRELATIU" COEFFICIENT= 1.000
VArIANCEz 1.67 DqI VAnIANCZ 0.80S PSI
MAXIMUM DEV1ATICAN 3.32 13SI MAXIMUM DE'JIATICNa 1.49 rlSI
Cq 0.55 "EP CENT LF FULL SCALE G' 0.30 rEr CENT CF FULL SCALE

,;AGE D.C. 3 SENSCTEC GAGE Ivb. 4 BELL AlvD HOWELL
MAY "TESS'T"E z750 PSI i-Av DPESS'IPE = 500 PSI
AC 3)z 149.855 8C 3)z -2.313 AC 4)=12613-392 BC 4)= -3.620
CCrMELATICt. CCEFFICIENT= 1.G00 CCPPvELATIUN COEFFICIENT= 1.0GOO
VA" IANCEx 023 "C)'I 'JA"IANCE = 4.56 LSI
VjAvIN'TM DEIIATICN= 0.34 "^I MAYIMtM D)EVIATION: 14.22 r-S1
C' 0.07 "En CENT CF FUJLL ';CALE L? 2.54 ')Er CEINT OF FULL SCALE~

GAGE NO'. 3 CCfvPAC GAGE i-C. Z6 ITC INLel
NAV PPElZS""E a300 PSI M~AY P"EqfSTrE m1000 PSI
AC 5)= 38.356 SC 3)z -880?61 AC 6)= 2qGS3.54 EC 6)= 3.850
CCv"ELATILN CCEFFICIENT= 1.000 CU'"ELATILL CLEFFICIENT: 1.000
VJArIANCE 0.41 "lql VAPIANCE a 2.33 DSI
NAvlhULvh DEVIATILNz 0.71 "I1 MANXIM'M DEVIATIL4= 7.*7 3 PSI
CD 0.14 rEv CEt.T CF F'ULL SCALE L' 0.77 nE") CEt'%T LF FUJLL SCALE

GAGE LC. 7 ITC NU.2 GAGE NU. 0
MAN' '"zEsq'IE 1000O rSI MAX nnE'qS""E G 0 "S
AC 7)= 2157.715 BC 7)z -1.567 AC G)-- 0.000 BC G)m 0.000
CC'"ELATICN CC-EFFICIENr': 1.000 COPPIELATIGN CUEFFICIEINT= 0.C&0
VA'IIANCEz 2.08 ncI VAOIAt-CE = 0.00 nSI

y, A"vil L, DEVJIATICN,. 6.24 r, j MAvIM'Jv DEIIIATILN~= 0.00 T'e1

k~C 
62 PE" CE T CF F LL qCALE G" . 00 "Er CENT LF FULL SCALE

55



TABLE 5 (Continued)

(U) TABLE 5c - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 5
ROOM-TEMPERATURE CYCLES 24 DEGREES C

2-AUG-73
(UNCLASSIIED)

THE FITTING FUNCTION 15: PRESSURE= A'VOLTAGE + B PAGE I

GAGE NO., AERC-MECHANICAL GAGE 1,No 2 SPAPTON-SLUTHWEST
MAv PRESSURE a 600 PSI MAX PRESSTIPE a 50G PSI
A( I)= 0.115 B( I)a '-740 A( 2)n- 102.582 BC 2)m -72.015
COPRELATICN CCEFFICIENTm 1.0GG CORRELATION COEFFICIENTa 1900
VARIANCEs 1.71 PSI VAPIANCE = 2.52 PSI
MAXIMUM DEVIATIOIN 3.09 PSI MAXIMUM DEVIATION* 5.09 PSI
OP 0.51 PER CENT OF FULL SCALE OR 1.02 PER CENT OF FULL SCALE

GAGE NO* 3 SENSOTEC GAGE N0 4 BELL AND HOWELL
MAY PRESSURE a 750 PSI MAX DRESSURE a 500 PSI
A( 3)m 149.795 B( 3)x -1,864 A( 4)=12445,483 B( 4)w 14.118
CO RELATION COEFFICIENTs 1.000 CORRELATIO61 COEFFICIENT- l,00
VAOIANCEx 0.32 PSI VARIANCE c 1,57 PSI
MAXIMUM DEVIATION. 0.36 PSI MAXIVUM DEVIATIONa 3.90 PSI
CR 0.05 PEP CENT CF FULL SCALE OR 0.78 PER CENT UF FULL SCALE

GAGE NC. 5 CONOAC GAGE NO. 6 ITC NO#1
MAY DRESSUIE a 500 PSI MAX OPESSU.E x1000 vSI
A( 5). 88622 B( 5)a -87.213 A( 6)z 2335.168 B( 6)a 4o535
CC1"nELATICN COEFFICIENT. 19000 COPPELATIOh COEFFICIENTs 1,000
VARIANCE= 0.53 PSI VARIANCE a 3*43 PSI
MAYIMUM DEVIATIONz 0.54 PSI MAXIMUM DEVIATIONa 5.69 PSI
CR 0ll PER CENT OF FULL SCALE OR 0.57 PEP CENT OF FULL SCALE

GAGE NO. 7 ITC NO2 GAGE fNC. 0
MAX PRESSURE =3000 PSI MAX PPESSUPE a 0 PSI
A( 7)x 2155.639 B( 7)x -3.489 A( 0)= O000 B( G) 0.0006
CCROELATION COEFFICIENT- 1.0o CORPELATION COEFFICIENTm 0,0G
VARIANCE= 2,13 PSI VAIIANCE = 0.00 PSI
MAYIMUM DEVIATIONs 4.25 PSI NAXIVUM DEVIATION= 0.GO PSI
OP 0.42 PER CENT OF FULL SCALE UP 0.00 PEP CENT OF FULL SCALE
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TABLE 5 (Continued)

(U) TABLE 5d - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 1 TO 2
HIGH-TEMPERATURE CYCLES 31 DEGREES C

31 -JIL-78

(UNCLASSIFIED)

THE FITTING FUNCTICN IS: DvESSUPE= A*VOLTAGE + B PAGE I

GAGE N. I AEnC-NECHANICAL GAGE NG. 2 SPAPTON-SOUTHWEST
MAY t'PESSTJPE = 600 .qI MAY PRESSUPE a 50G SI
A( 1) 0.115 BC I)= 0.496 A( 2)= 102.474 BC 2)= -72.077

COPRELATIUI, CCEFFICIENT= 1.000 CORRELATION COEFFICIENT= 1.000
VA"IANCE =  1.70 PSI VAPIANCE a 2.71 P51
MAXIMUM DEVIATICN= 3.23 PSI MAXIMUM DEVIATIUNA 4.63' PSI

C" 0.54 PEP CENT CF FULL SCALE CP 0.93 PEP CENT OF FULL SCALE

3A3E NC. 3 SEN50TEC GAGE NLv. 4 BELL AND IIWELL
NAY "1'ESS'JvE a 750 SI hAX PPESSURE a 500 PSI
A( 3)z 149538 B( 3)= -1.629 A( 4)=11908.779 B( 4)z -14.017
CC'"ELATIGN COEFFICIENT= 1.000 COldELATION COEFFICIENTx 1.G00
VAvIANCE =  0.16 T5I VARIAnCE = 2.79 PSI
MAXI tIM DEVIATION= 0.54 PSI MAYIMW!M DEVIATION= 5.15 PSI
C" 0.07 VE" CENT CF FULL SCALE CP 1.03 PEP CENT OF FULL SCALE

3AGE NO. 5 CON"AC GAGE NO. 6 1TC NOl.
MAY "'PES1.$'E = 500 PSI MAX O ERSTFPE mIG00 PSI
AC 3)= 38.578 B( 5)x -37.385 A( 6)= 2434.987 BC 6)m 4.191
CCORELATION COEFFICIENT= 1.000 CO"PELATIGN COEFFICIENT- 1.000
VA"IANCE= 0.34 PSI VAPIANCE = 1.56 PSI
NA*XIMIJ DEVIATION= 0.58 5SI MAXIMUN DEVIATION= 4 .33 SI
CP 0.12 PEP CENT OF FULL SCALE CP 0.43 PEP CENT LF FULL SCALE

3AGE NC. 7 ITC NO.2 GAGE ,u. 0
N' AY PEW'JPE =1000 "SI L,1AX PRESSURE 0 G PSI
A( 7)= 2172.615 BC 7)z -3.199 A( 0)= .00G BC 0) 0.00,0
CGPELATICN COEFFICIENT= 1.000 CCPRELATlOG', CUEFFICIENT= 0.000
"'APIANCE=  1.51 PSI VArIAL.CE = 0.00 PSI
NA",IMtU DEVIATIGN= 3.32 "5I ivAXINTU DEVIATI16N= 0.00 PSI
Cn 0.33 "DEV CENT CF FULL SCALE G? G.OG PEi4 CENT OF FULL SCALE
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TABLE 5 (Continued)'

(U) TABLE 5e - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 3 TO 4
HIGH-TEMPERATURE CYCLES 38 DEGREES C

(UNCLASSITIED) 31 -JUL-74

THE FITTING FUNCTILN IS: "'PESS'jrE= A*VCLTAGE + b PAGE I

3A,3E NO. I AEROC-ECHANICAL GAGE NC. 2 SPAPTGON-SAJTfWEST
MAY O=ESSURE a 600 PSI iAY PPESSU.E G" SI
A( 1)= 0.114 BC I)= 0.800 A( 2)=. IG2398 SC 2)z -72.G57
CPOELATION COEFFICIENT= 1,O00 CCPPELATION CUEFFICIENTa IGG
'JArIANCE =  1.90 PSI VARIANCE 2.87 PSI
NAYI A UM DEVIATION= 3.43 PSI MAXlMIJ DEVIATIONa 5.63, PSI
CR 0.57 PEP CEI\T OF FULL SCALE EP 1.13 PEIR CENT OF FULL SCALE

GAGE NO. 3 SEtI.SCTEC GAGE 1N0. 4 BELL AND HOWELL
N A'? PEcSUPE z 750 PoI MAX PRESSJPE = 50G PSI
A( 3)m 149o864 B( 3)= -10186 A( 4)=11822.266 B( 4)x "12.011
CO"'IELATICN COEFFICIENT= 1.000 COPRELATION COEFFICIENT= l.00
VArIANCE =  0,11 PSI VAPIANCE = 3.95 PSI
MAYINITM DEVIATION= G.34 "5I MAYIhUM DEVIATION= 6.21 S I
Cr 0.05 rE O CENT CF FULL SCALE OR 1,24 13EP CENT OF FVTLL SCALE

GAGE NC. 5 COIYAC GAGE NO. 6 ITC NO.l
iA" VnESSUnE = 500 nSI M AX nnE.SUPE =IG00 nSI
A( 5)z 89.G63 B( 5)= -86,978 A( 6)z 24.65,124 SC 6)z 3,559
CGPELATICN CCEFFICIENT= l1.00 CCP' ELATION\ COEFFICIENTm Is.O0
VA"IANCE= 0.33 PSI VAnIANCE = 1.49 "SI
MA"IMITM DEVIATIO.= 0*75 "S I NA~lIMU DEVIATIO.= 3.56 FSI
On 0.15 OEP CENT OF FULL SCALE GP G36 PEr CENT OF FULL SCALE

3AGE NG. 7 ITC NO°2 GAGE NO* G
MAY nn ESSUrE =10G PSI MAX ""ESSUOZ 0 PSIA( 7)= 2200,603 S( 7)= -35.G13 A( G)= ,OOGG 5( G)= G.GGG
CC, ELATICN CG EFFICIENT= 1 040 CCnnELATIGI, COEFFICIENT=  0 s G
VA'IA ICE z 1.76 PSI VAPIANCE = 0.00 PSI
N A YI , lh DEVIATION= 3,59 .PS;I N A' Il DEVIATION= 0,G GO PSon 0-36 E° CENT OF FUJLL SCALE G' 0,00 PER CENT OF F TLL SCALE
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TABLE 5 (Continued),

(U) TABLE 5f - PRESSURE GAGS EVALUATION 650 psi CALIBRATION CYCLES 5 TO 6
RIGH-T WPERATURE CYCLES 50 DEGREES C

31-JUL-78
(UNCLASSIFIED)

THEFITTING FUNCTION IS: PRESSURE= ANVOLTAGE + B PAGE I

GAGE NO. I AEPO-hECHANICAL GAGE NO. 2 SPAPTON-SOUTHVEST
MAY PRESSURE a 600 P$I MAX OPESSURE a 500 PSI
AC I)a 0.113 B( I)a 1.527 A( 2)a 102.040 B( 2)z -71.881
COP.ELATION COEFFICIENT* 1.000 CORRELATION COEFFICIENT- 1.000
VARIANCE= 2.00 PSI VARIANCE a 3.28 PSI
MAXIMUM DEVIATIONa 3.68 PSI MAXIMUM DEVIATIONR 5.77 PSI
OP 0.61 PEP CENT OF FULL SCALE OR 1.15 PER CENT OF FULL SCALE

GAGE NO. 3 SENSOTEC GAGE NO. 4 BELL AND HOWELL
MAX PPESSURE a 750 PSI MAX PnESS13RE a 50G PSIf A( 3)a 149.855 BC 3)u 0.512 A( 4)=117759692 B( 4)- -11a125
CORRELATION CCEFFICIENT- 1.G00 CORPELATION COEFFICIENTa 1.00
VARIANCE= 0.17 PSI VAPIANCE a 2.39 PSI
MAYIMUM DEVIATIONs 0.27 ISI hAXIMUM DEVIATION* 2.43 PSI
OR 0.04 PE" CENT OF FULL SCALE OP 0.49 PER CENT OF FULL SCALE

GAGE NO. 5 CONRAC GAGE NO. 6 ITC NO.1
MAX PRESSUPE a 500 PSI MAX PPESSUPE x1000 PSI
A( 5)a 89.343 BC 5)x -86.954 A( 6)a 2467.676 B( 6)m 2.413
CCnRELATION COEFFICIENT= 1.0o CORRELATILN COEFFICIENT- 1.00
VAPIANCEa 0.42 PSI VARIANCE a 4.95 PSI
MAXIMUM DEVIATION= 0.73 PSI MAXIMUM DEVIATION= 12.52 "SI
GO 0.15 vEP CENT OF FULL SCALE CR 1.25 PEP CENT OF FULL SCALE

GAGE NO. 7 ITC NO.2 GAGE NO. 0
MAX PRESSURE u1000 PSI MAX PPESSUTRE - G PSI
A( 7)a 2208.763 8( 7)a -2.071 A( 0)- 0.O00 B( 0)- 0.000
CC? PELATION COEFFICIENT- 1.000 CORRELATION COEFFICIENTa 0,00G
VAOIANCE% 5.10 PSI VARIANCE a 0.O0 PSI
MAXIMUM DEVIATION= 12.55 oSI MAXIMUM DEVIATIUN= 0.,0 PSI
CR 1.25 PER CENT OF .FULL SCALE OR 0.00 PER CENT OF FULL SCALE
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(U) TABLE 6 - LEAST-SQUARES FITTING RESULTS FOR A 0-30 psi (0-207 kPa)
CALIBRATION AT VARIOUS TEMPERATURES

TABLE 6a - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 1
LONG-TURN CYCLING END OF MTST WEk At 24 DEGREES C

(UNCLASSIFIED) 22-AUa-73

THE FITT1ING FTIN~CTIGN IS: P'ESSIPE= A*VCLTAGE + B CAGE V

3AuE NL* I AE'rU*MEChALNICAL GAGE IvU. 2 SrAlTULk-SioUThWEST
r~cEcn1"7 ;x trjG rel NW,' r-E t SE z500 'Sl
A1)= 0.114 8C 1)z -1.472 AC 2)= lG02;6 EC 2) - -73.343

CL'ZATCh COEFFICIEIvi= 1.000 CCrrELATLj. CLEFFI1C;Ei-T 1.000
IJA~lAfCEx 0.10 L-S1 l7Ar'IAI1,CE a G.38 r'5l
t*A-11'j1T DEVIIATMIN= 6.14 "ll mAvl1lli~ DEVIATlPlva 0.56 PSI
t . .02 "E CEN~T OF PILL SCALE G" I' G 11 CE CEhT UF F"LL SCALE

GA3E 1,Co 3 qEf\-LTEC G43E vG*. 4 BELL AlL HLELL
NA" "rEctlrE a 750 rrl 1L.Av vT't. S'?rE a 500 rlz
A( l)-- 15001,75 1 3)z -G*--39 At 0=16i66.667 B( 4)' 16*333
CL-nELA'1LA CLEFFICIEi'r= 10 GO CLrLATCLt CLEFFICIENT' ^G.;;1

LhIA"It'f', Gollr~i 0 1"I i.Al"ItTv D UIATII.4m 3,^5 rSI

Cr' 0.02 nEr" CZE'T LF PILL c'CALE LL- &G67 nEP CEI' UF FULL ' CALE

3AaE (C.* 5 CLW'AC 63A'E 1U.O 6 ITC IvLel
L',A% r-Ecc?fE =300 "", i-,AN- TrTEeCYrE ;;1000 rSI

A( 3)= 3602 5C 3)z --6,7 61 A( 6) E547.005 E,( 6)a -175*385
CC(-ELATLA CLEFFICIEtV'= 1.000 CLtfLELATIILi CLUEFFICIEiTr- G-766
'?AIALktE= 60 G, r"; I 1A"1MLI.CE 10.G o15 rtl
NA"I.Y~lvi DEIIATILAt 0.07 "Fl NA' IfN'!ivs LEIATlul- 11.71 ~
Lr 0*G .0 rE" CENT LF PILL eCALE- tv 16*17 ~1rCEI.T CF PITLL SCALE

jA3E MoL 7 IT~C tvL2 IAGE LUg. 0
iv- "'Ez~' zlG r106 I LhAvVnEcql!rE G "I
AC 7): 70' 7.133 &( 7)z -12 L AC G)-% G.600 5C G)= 0.000

CCrELA'ILI. Cv EFFICIEINTu Go7;3 CLntELATICU. COEFFICIENT= 0.006

( 1.3 ~'" T'l ' , C F F L L eCCA LL U"I 6.00 3Er CEN~T LF FP'LL cCALE
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TABLE 6 (Continuead)

U)TABLE 6b - PRESSURE GAGE EVALUJATION 30 psi CALIBRATION CYCLES 2

LOt4G-TERN CYCLING END OF SECOND WEEK AT 24 DEGREES C

(UNCLASSIVIED)23AG7

THE FITTING FUNCTIGN is: rrESS'!PE= ANVOLTAGE 4 E PAGEI

GAGE NC. I AEPC-MvECfANICAL GAGE NC. 2 SPA"'TON-JSC'JTHWEqT
MAY PPESSTIPE a 600 PSI WA' D1rESSTJPE a 500 PSI
A( I)w 0.114 BC 0)* -10.20 AC 2)u 103.203 BC 2)x -739273
COPIRELATION COEFFICIENT* 1.000 C6P"EL.ATIQN CCIEFFICIEN's 0.999
'A"IANCEs 0.13 oqI "APIAUJCE a 0.53 PSI
KAVIMUN DEVIATION& 0.27 PSI MAXlM'!M DEVIATICNa 0.41 PSI
01 0.04 "E CENTr CF FULL SCALE or, 0.08 PEr CENT OF FUfLL -SCALE

GAGE NO* 3 SEN50TEC GAGE 1%09 4 BELL AND HUWELL
M ~AY tlqESSUIPE a 750 PSI MAX PPESSTIRE a 500 PSI
AC 3)a 149.311 B( 3)a -Dec17 A( 4)=125G0.000 BC 4)m 13.750
CCrRELATIuN CUEFFICIENTu 1.000 CC"PELATIUN Cu.EFFICIENTu 1.000
VAvIANCaz 0.14 PSI VA"IA1NCE a 0.00 PSI
NAYIN136 DEVIATICNx 0.14 PSI m:AYIM1M DEVIATILNa 0.00 PSI
0 0.02. r'E' CENT OF FULL SCALE LiP 0.00 PEP CENT GF FULL SCALE

GAGE NC. 5 CGNPAC GAGE f.C. 6 ITC NO.1
MAY PvESS1JrE a 500 DSI VIAI PPESSUnE m1000 PSI
AC S)a 87o945 5C 5)0 -86.736 AC 6)a11921.596 BC 6)u -23.736
CC"PELATIOI. COEFFICIENTo 1.000 COPPELATION COEFF1CIE&Tz 0.353
VAP I AtCE= 0.02 "51I VAOIANCE a 31.96 rS1
MAvIMTM DE'JIATIOt~a 0.04 rqI hAYI(41JM DEVIATIUN& 31.00 PSI
Cr 0.01 rE" CENT OF FULL qCALE Cl 3.10 PER CENT OF F7ULL SCALE

GAGE 1%09 7 ITC NO.2 GAGE NL* 0
MW" ntESS'Ut'E 1000G PSI MAY PrESSUPE 0 PSI
AC 7)z 76G1.573 BC 7)m -1990692 AC G)a 0.000 FC 0)a 0.000
COPPELATION COEFFICIENTz 0.461 CORRELATION COjEFFICIEMTx Go000'
'A"IANCEx 23.17 PSI VAPIANCE a 0.00 PSI
NA"I:eJUM DEVIATION,.v 23.03 P91 MAYINUM DEVIATIUN= 0.00 ;'SI
CT' 2.30 PEP CENT OF FULL SCALE LP 0.00 "EP CENT uF FULL SCALE
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TABLE 6 (Continued)

(U) TABLE 6c -PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 3

LONG-TERM CYCLING END OF THIRD WEEK AT 24 DEGREES C

(UNCLASSIFIED) 21 -A"G-75

THlE FITTING F1JNCTICU, IS: PPESSUP~E= ANVOLTAGE + B PAGEI

GAGE 1\09 I AEPLO-MECHiAN1 CAL GAGE 1.G. 2 Sr'Ar"T1j-SCJTJTH',WEST
MAY rrEq ?1PE a600 PSI LN6AX DPESSPE =500G PSI
AC 1)= G.113 SC 1)m -1*4'42 AC 2)m l01o9'17 SC 2)= -71.7371
CCr-'ELATI1v CCEFFICIEN~Tm 1.000 C&DELATICAN COEFFICIENT=~ 0.997
V" I ANCE- 0.20 PSI IYWMIAN'CE r- 0.69 PSI1 . 1
ivA"IP.yJN DEV)!ATICN.= 0.37 T SI M~AYINIIN DEVIAT1OCI= 1017' PSI,
C0' 0.06 P~ CEN~T OF F'ILL SCALE OF 0.23 I-E CENT OF F'ILL qCALE

,!AGE NL.o 3 ' EWCTEC GAGE (,Go 4 BELL AND H614ELL
IW Pcq3" 750 "I L',AY rrEi75TTnE n500 r'I

A( 3)z 149.330 SC 3)z -0.32522 P( 4a=17051.254 BC 4)a 15025E
CL""ELATICi, CGEFFICIEfT= 1.000 C0rrELATIGN COEFFICIENTa 09974'

' IA " I A f C E z 0 1 2 " I V A " A i ,,C E a 1 4 3 T- 'I
NA'"'IOX.f DE-_-IATILCv.i! 0.17 "'ZI N'A"1t'TL DEVIATI(A= 1.73 "-,I

Lr' 0 .2 rE CEILT LF F"LL SCALi Lr' 0.33 TE CEtT GF F~tLL '-CALE

GA5E "Goj 3 CCL..PAC GAtiE ijU@ 6. ITC 1NL*1

A( 3)= 37oL03 SC 3)z -26295 A( 6) 7b26.3'5 BC 6)z -j3Go2&j
GGO11ELATI1., CCEFFICIEiL.= 1.00 60 CCn"'ELATICl, CLCEFF1CIEiTz 0.301G
'"AT"IAtNCEz 0.-13 PSI VIArIAiCE a 7. 0 G lS I
04"Il-Ttiii DEVIATICN= 0 0411 r, I t.A"1673vi DEVJIATION= 10.33 OSI
C- 0G.08 PEP CENT OF FPILL eCALE Cn I .04 I E CEI\T UF Fy'LL qCALE

-A'3E 1.0. 7 ITC INO.2 GAGE f-Co G
LA" "5E'zqT~E 1000G P'I 1'jA'-' ""E5SIME 0 'VI
A( 7)= S.07o474 EC 7)z -2G0E27 AC 6)= 0.006 E- G)= 0.006
CC~rrELATICA CCEFFICIENT= 0.612 CLI'nELATII. COEFFICIZIF.Tz 0.600
IranIAL-CE= 12.09 n'cI =7~I[C 0.00 r-I

Ir'I . r CENT LF F'JLL CCALE L!" 0.0G nEr CF~lr UF F'LL SCALE
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TABLE 6 (Continued)

(U) TABLE 6d - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 4

LONG-TERM CYCLING END OF FOURTH WEEK AT 24 DEGREES C

21 -ATIG-732
(UNCLASSIFIED)

THE FITTING F'JNCTICN ISt "qES1TPE ANVCLTAGE + B PAGEI

GAGE NO* I AEPO-W'ECkiANICAL GAGE NO* 2 SAPTCh-SO"tTHWEST
M'AY 15PESSUPE a 600 r'cI NiA- OESSIP'E = 500 PSI
AC 1)= G0113 RC 1)=Z -1.376 A( 2)- 100.363 EC 2)r -71.004
CC%-"ELATIONy COEFFICIENT=* 1.000 CO~rELATICN COEFFICIENT= 0.997
VADIANCEz 0.15 "~I 11JP'IANCE t 0.67 PqI
NA%'V~.Th DVIATION-r 0.22 "JSI tMjAI I N ' DEVIATION= 1.37 PSI
C'l 0.04 LE"' CEtT CF F'JLL SCALE C-r 0.27 "E CENT CY FtLL SCALE

GA3E NC.o 3 ZENvSOTEC GAGE NC~. 4 BELL AND HOWELL
N~A~' ""Ecgly"E =750 lQI N~AY nPESSTJPE =500 PSI
PC 3)= 149-9;G 5C 3)z -0.361 A( 4) 12-i2Go66G B-C 4)z 15.0G75
CLj-TELATILI. CCEFFICIENT= 1.000 CCT"nELATIGN CLjEFFICIENTm G99^
l,',IAhCEz G,18 PIZI 'JA"IAINCE = 0954 PSIiti~"~~~DEVIATILNz G,34 0SI N~A'Itijl DEVIATIONx 00.6 " I
C'r 0#04 "'E CENT GF F','LL SCALE Ln Ge17 PEr CENT uF FULL 7CALE

3AG3E tC. 3 CC-n"AC GAGE tNC. ' ITC fvo.1
(NA" ' Ec3?flrE z300 PSI NjAY rtEcq'IE =IGG rqI
AC 3)= E7*789 5C 3)z -86o5G7 A( 6)= 69739G91 S( 6)= -74.366
CLr-~ELATIOl. CCEFFICIElvT= 1.000 CCrrELA"'ILI. CLEFFICIENT= 0.562
"A' 'IA i4C~ 0Z 1 = Pl I IIArIAL.CE = 13.79 n'SI
NLIvj!7v rD'-IATIUN=- 0 $16 P' I i-jA"'1LTjf, DEVIATI01%= 16.43 PSI
C- 0.03 r~ CENT CF FU!LL OCALE C' 1.65 "Er CENT CF F'ULL SCALE

!A3E NC. 7 ITC 1.2 GAGE NO* 0
tvIA" "i'EeT vlrE ElOGOG PSI MAI P"ESs'jrE 0 "SI
A( 7)= F362533i SC 7)z -1-2,679 A( 0)a 0.000 EC G)- 0.000

'hi"IA1CE.z 13.56 V SI VArIANCE m 0.06 -"elI
-A-Ii"~DEVIATICN=, 23.67 nSI tMAYIhUh DEVIATICL= C0006 PSI

U'> 2.37 "E" CEI-T CF FtILL qCALE CP 0.00 PEF CElT UF FP'LL SCALE

63



(U) TAB!E 7 - LEAST-SQUARES FITTInV RESULTS FOR A 650 psi (0-4.5 NPa)
CALIBRATION AT VARIOUS TWIERATJRES

(U) TABLE 7a - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 1
LONG-TERM CYCLING END OF FIRST WEEK AT 24 DEGREES C

(UNCLASSIFIED) 23-AtG-75

TmE FITTING FUNtCTIONA ISI PrESSJJPEz A*VJLLTAGE +B PGE "I

3A3-- ihCe I AEPcL-1ECHAf ICAL GA~iE N09 2 SPAIRTGI.-SLThWE T
viAN TESSJPE, 600 PSI WAY P"ESSIJRE a560 P91
AC 1)z 0.113 Bc ,=~ 0.692 A( 2)z 102.020 B( Z)x -71.432
CL"vELATIGN COEFFICIENT= 1.060 COPPELATION CUiEFFICIElvTz 1.G00
"ArIA'vCEz 1.46 PSI I]AA"IAvCE a 2454 "1I
[M&'Iu11L DEVIATIGt~a 2.17 PSI MAXIMUM DEVIATILd:- 5.31 PSI
C"' 0.36 OE CET. OF FlILL SCALE Cr 1.06 PE CEIT uF FPJLL SCALE-

GA3E I Ce 3 ' EtCTEC GAGE f~,o 4 BELL AN'D kiU'IELL
ilAv' rE T"z- 730 vql MAY DESS~TME x 500 nql
A( 3)z 149.750G e( 3))m -0.639 A( 4)=12615*514 E, 4)x 21.556
CC"PELATICI, CCEFFHCIENT= I1.000 C~r"E~LPIC1. C FFICXEt.T= 0.999
't~nANCE 0.013 51 VAcIAt.CE a 7929 r~I

~'iT~D'YACI= 0.29 "qI MAXI'Th'. DEVIATION= 1020 r, I
L~ GoG rE" CEI.T UF FUJLL SCALE Cr" 2,0', I)E CEL~T '..F PT LL SCALE

SAGE 1 uo 5 CCOiWDAC SAGE ILo. 6 ITC NuLi1
* iuA" )ET 3E 00 1 1AX rrESS5?WE =1000 r5I

A( 3)z 5~ )z -57.3'.1 A( 6)z 2439-546 13C 6)z -15.7.!
C0O'ELAT1CI CG.EFFICIENTz 1.00C. CLPPELATIGdL CIUEFFICIEiVT= C 9 'c,

* l'lIACE= 0.33 tqI VAINE=13.61 PcI
i AlvTv DEX;IPTIL-= 0-6 0.3 l MixIN' DEVJIATIU= 3,4 #2G n3

C" 0.12 v'Er CEfyT LF F!iLL cCALE- U~' 3o42 PEP CEN'T LF EViLSCALE

!PIE (\L. 7 ITC iNL.2 SAGE NLo 0
~f~"t~t~ ~~IMAY DvEecIrE 0 G

*A( 7)z 21-23a30 B( 7)z -3C.192 A( 0)= 0.000 EH 0)= 000
CL"ELPTICv COEFFICIEI\T= 0.995 COG"ELATICr CLE~FIC1~l\Tz 0.660

*"A r AtC IT l2oz3 11f-I "?A"IA'CE 0.0 G ?G I
L."I'L ; E'lATIL= 32.3i n ZI i*Ir-~ EVhIAIUI,= 0.00 "ICr 3.25 VEtr CEiT CF FT'LL CCALE L- 0.00 r"E' CEIT LF Fr'LL QCALE
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TABLE 7 (Continued)

(U) TABLE 7b - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 2
IMG-TED! CYCLING END OF SECOND WEEK AT 24 DEGREES C

2 3-AUG -78

(UNCLASSI'IED) 
2 -

THE FITTING FUNCTION ISI 'PESSUPEn A"7OLTAGE + B PAGE I

GAGE NO* I AERO-MECHANICAL GAGE NO, 2 SPAfTCN-SOUTHWEST
NAX PPESSURE a 600 PSI MAY D"ESSURE a 500 PSI
A( 1)& 00115 VC 1)- -09146 A( 2)a 202.150 B( 2)m -72.404
COPPELATION COEFFICIENTO 1.000 CORELATION COEFFICIENTa 1.000
VARIANCEn 1.52 PSI VARIANCE a 2.78 PSI
i.AYI"UM DEVIATIONS 2.85 "SI MAXIMUM DEVIATION 5.86 PSI
OP 0.48 PER CENT OF FULL SCALE OP 1.17 PER CENT UF FULL SCALE

GAGE NO. 3 SENSOTEC GAGE NO. 4 BELL AND HOWELL
MAX PRESSURE a 756 PSI MAIN PPESSTIPE a 500 PSI
A( 3). 1490752 B( 3) "0*721 ( 4)a125284376 6( 4)a 14.256
CORRELATION COEFFICIENT" 1.000 CORPELATIGfq COEFFICIENTa I 9000
VARIANCES 0.13 PSI VAPIANCE a 1'.82 PSI
MAXIMUM DEVIATIOlya 6.32 091 MAXIMUM DEVIATIONa 2.30 PSI
O 0.04 PE4 CEJT OF FULL SCALE OP 0.46 "ER CENT OF FULL SCALE

GAGE NOo 5 CONPAC GAGE NO. 6 ITC NO.1
MAX PRESSURE a 500 PSI MAX P E$l"'E a1000 PSI
A( 5)m 88.680 B( 5)9 -87.853 AC 6)z 2472.240 B( 6)a -26,383
CORPELATICN COEFFICIENT. 1.000 COPPkLATION COEFFICIENT= 0.997
VAPIANCEm 0.36 PSI IAPIALvCE a 16.66 PSI
MAYINUh DEVIATICN. 0.62 PSI MAXIMUM DEVIATION. 38*68 PSI
CP 0&.12 PER CENT OF FULL SCALE OR 3.89 PER CENT OF FULL SCALE

GAGE NO. 7 ITC NO.2 GAGE NL. G
MAY PRESSURE .10G PSI NAX PRESSURE a G PSI
A( 7)a 21840955 8( 7)a -30.088 A( 0). G.000 BC 0)• GOOP
CCPRELATION COEFFICIENTs 0098 COPDELATION COEFFICIENT. 0.000
VAOIANCEa 13.44 PSI VARIANCE a 0.00 PSI
MAXIMUM DEVIATION* 3393 PSI MAXIMUM DEVIATIONa 0.00 PSI
C7 3.39 PLE' CENT OF FULL SCALE OR GGG PER CENT OF FULL SCALE
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TABLE 7 (Continued)-

(U) TABLE 7c - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 3
LONG-TERM CYCLING END OF THIRD WEEK AT 24 DEGREES C

21 -AUG-73
(UNCLASSIFIED)

ThE FITTING FUNCTION ISI PPESSURE= A#VOLTAGE + B PAGE I

!AGE NO. I AEPO-MECHANICAL GAGE NO. 2 SPAPTON-SOUTHWEST
tAY OPESSUE a 600 PSI MAX PRESSURE a 500 PSI
A( I)= Q,116 BC 1)s -00490 A( 2)a 1610630 BC 2)" -71.693
CORRELATION COEFFICIE',Tn 1.000 CORRELATION COEFFICIENT* 1.000
VAPIANCEs 1.57 PSI VARIANCE a 2.28 PSI
MAYIM'JM DEVIATIONs 2.91 PSI MAXIMUM DEVIATIONS 5.16, PSI
On 0.49 PER CEINT OF FULL SCALE OR 1.03 PEP CENT OF FULL SCALE

GA3E NO* 3 SENSOTEC GAGE NO. 4 BELL AND HOWELL
MAY eESSURE a 750 PSI MAX PPESSURE a 560 PSI
A( 3)z 149.743 B( 3)m -00591 A( 4)=12514.401 BC 4)a 14.984
CCP"ELATION COEFFICIENT' 1.000 CORPELATION COEFFICIENTa 1.00G
VAPIANCEx 0.16 051 VARIANCE = 1.36 PSI
NAXI'UM DEVIIATICNa 0036 -PSI MAXIMUM DEVIATION= 1.68 PSI
C) 005 PER CENT OF FULL SCALE OR G034 PER CENT OF FULL SCALE

3AGE NO. 5 COhPAC GAGE NO. 6 ITC NO.1
MA' PPESq.TRPE a 500 PSI hAX PRESSURE w1600 PSI
AC 3)z e3.611 B( 5)w -87.639 A( 6)a 2441.123 P( 6)a -190920
COPPELATION COEFFICIENTo 1.000 COPrELATION COEFFICIENT 0.995
'VAPIANCEa 0.34 VSI VARIANCE a 13.69 PSI

XI.TL DEVIATION* 0059 PSI MAXIMUM DFqIATIONs 22.31 PSI
CP 0.12 PER CENT OF FULL SCALE OP 2.23 PEP CENT OF FULL SCALE

GA3E NO. 7 ITC NCo2 GAGE NO* 6
MPv nPES.SUPE u1000 PSI MAY OPESSUPE a 0 PSI
A( 7)= 2200.930 B( 7)o -33.403 A( )z 0.GGG B( )a 0000.
CCr'DELATION COEFFICIrNT • 0,998 COPPELATTON COEFFICIENT 6,000G
VAPIANCEx 13.75 PSI VARIANCE 0 000 PSI '
,AVIMU. DEVIATION" 23.16 PSI MAXIMUM DEVIATIGNa G.G PSI
CO 2.32 DER CENT OF FULL SCALE OP 0.00 DER CENT OF FULL SCALE
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TABLE 7 (Contiued)

(U) TABLE 7d - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 4
LONC-TERM CYCLING END OF FOURTH WEEK AT 24 DEGREES C

~21-AUG-78
(UNCLASSIFIED)21AG7

THE FITTING FUNCTION IS: PRESSURE= ANVOLTAGE + B PAGE I

GAGE NO* I AERO-MECHANICAL GAGE NO. 2 SPARTON-SOUTHWEST
MAX PRESSURE a 600 PSI MAY PPESSUrE a 500 PSI
A( I) 0.116 BC ))a -0.298 AC 2)= 101.345 BC 2)a -71,674
CORRELATION COEFFICIENTm 1.000 COPPELATION COEFFICIENT= 100
VAPIANCEz 1.52 PSI VAPIANCE a 2.31 PSI
MAXIMIUM DEVIATIONs 2.09 PSI MAXIMUIM DEVIATION= 5.05 PSI
OR 0.35 PEP CENT OF FULL SCALE OP Il PEP CENT OF FULL SCALE

GAGE NO. 3 SENSOTEC GAGE NO. 4 BELL AND HOWELL
7MAY PRESSUPE a 750 SI MAX DPESSIPE a 560 PSI
A( 3)x 1490760 B( 3)z -0.623 A( 4)=12526.545 BC 4)u 14.974
COPRELATICN COEFFICIENT= 1.000 CO PELATION CCEFFICIENT- 1000
VAPIANCE= 0.19 PSI VA"IANCE a 0.62 PSI
MAYIMUN DEVIATION& 0.40 PSI MAXhIUN DEVIATION• 1.51 PSI
OP 0.05 PEP CENT OF FULL SCALE CP 0.30 PER CENT OF FULL SCALE

GAGE NC. 5 CLNPAC GAGE NO. 6 ITC NO,
MA" b"ESS1JPE a 5G PSI MAX PrESSURE =lOGO PSI
A( 5)=  68.641 B( 5)7 -87.675 A( 6)z 2335.176 B( 6)= -9.747
COP ELATION COEFFICIENT= 1000 CORRELATION COEFFICIENT& 0.999
VAOIANCEa 0.35 PSI 'JARIAwCE a 9066 PSI
PiAVIMIJM DEVIATIONs G433 PSI MAYIMUN DEVIATIONa 19035 PSI
OP 0.12 PEP CENT OF FULL SCALE OP 1.94 PEP CENT OF FULL SCALE

GAGE NO. 7 ITC NO.2 GAGE NO. 0
MAX PESSU3PE u1000 PSI NAX PPESSTIPE a 0 PSI
A( 7)u 2155*597 B( 7)a -23.967 A( 0}=  0.GoG B( 0) 0000
COtPELATIO[v COEFFICIENT= 0.999 COPRELATION COEFFICIENTx 0000
lA0IANCE= 11.01 rSI VAPIANCE a 0.00 PSI
VAXIMUM DEVIATIONS 23.03 T)SI MAXIMUN DEVIATIONa 0.6 PSI
OP 2.30 OEI CENT CF FULL SCALE C" 0.00 PEP CENT OF FULL SCALE
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APPENDIX B
DERIVATION AND APPLICATION OF EQUATIONS FOR

DEPTH-GAGE MOUNTING LOCATION ANALYSIS

The purpose of this analysis is to determine the effect of buoy pitch and

roll on the relative positions of two points (A&B) representing the locations of

the depth gage and the point in the buoy to which buoy depth is referenced. The

effects of buoy pitch and roll on relative positions are illustrated by Figures

27 and 28, respectively. .Table 8 lists pitch angle as a function of speed for

the POSEIDON buoy.

(U) TABLE 8 - POSEIDON PITCH ANGLES

(UNCLASSIFIED)

Speed Pitch Angle
knots degrees

0 5.0

2 6.0

4 7.0

6 9.9

8 11.0
10 11.5

12 12.0

13 12.0

14 12.0

15 12.0
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The errors due to depth gage mounting location are defined by the following

equations. The pitch-angle and roll-angle errors are developed separately.*

The components of pitch displacement between points A and B are:

AX= XB-XA (2)

AY = YB-YA

Since the pitch displacement between points A and B does not vary with buoy

attitude:

(AXl) 2 + (AYI) 2 = (D)2 (3)

Combining the equation with the relationship:

AYI

A Tan8 
(4)

The distance between points A and B in pitch referenced to the XI-y-z
1

coordinate system are:

X 1 = D1 cos 8

AY1 = D1 sin 8 (5)

The components of roll displacement between points A and B are:

AZ = ZB-ZA (6)

Since the roll displacement between points A and B does not vary with buoy

attitude:

(AZ ) 2 + (AY ) 2 . (D2) 2 (7)

Combining this equation with the relationship:

Ayl-- = Tan (8)

For symbol definition refer to Notation listing
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The distance between points A and B in roll referenced to the X -y -z
1

coordinate system are:

1
AZ = D2 cos *A D 2 s(9)

Combining the equations for pitch and roll, the components of distance between

points A and B for any pitch and roll angle are:

1
AX f D1 cos (10)

1
AY = D1 sin + D2 sin (11)

AZ1 - D2 cos * (12)

The difference in relative positions of points A and B between the buoy at zero

pitch and roll and the buoy at some arbitrary pitch and roll angle is:

X diff -D 1 (cos a -cos 0) (13)

Y diff - D1 (sin 8 - sin) -D 2 (sin 6 - sin) (14)

Z diff = D2 (cos - cosS) (15)

An example of the depth gage mounting location error analysis is provided

to lead the reader through the problem.

For the POSEIDON buoy, taking Point 1 as the top of the auxiliary wire

antenna mast and Point 2 as the present location of the Depth and Destruct

cannister:

AX - 5 - 39.625 - -34.625 in. (-0.88 m)

AY = 10 - 27.4 = -17.4 in. (-0.44 m)

AZ = 0

8 = 206.60

DI M 38.75 in. (0.98 m)

6 = 270
°

D2 = 17.4 in. (0.44 m)

= a + 206.680

1 = p + 2700
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X diff = 38.75 (cos 0+ .893) in. (0.98 (cos 8+ .843) m)

Y diff = 38.75 (sin 8+ .449) - 17.4 (-1-sin 0 psi) in.

Z diff = 17.4 (cos , - 0) in. (0.44 (cos * 0) m)

Assume max pitch angle of 15 degrees, max roll angle of 2 degrees

X diff = 5.66 in. (0.14 m)

Y diff - -8.35 in. (-0.21 m)

Z diff - 0.60 in. (0.01 m)

Assuming a speed of 6 knots and a depth of 8 ft (2.5 m) the parametric partial

derivatives are: (from Reference 1):

1. For antenna floating length, L._ 0.929 ft/in. (0.111 m/cm)
AY

2. For submerged antenna trail, AXS - 0.463 ft/in. (0.055 m/cm)AY

1Then, using AY wY AY + Y diff - 25.75 in. (-0.65 m)

AFL = floating length error - -25.75 (0.929) - 23.92 ft (-7.29 m)

AXL = submerged trail error - -25.75 (0.463) = -11.92 ft (-3.63 m)

iI
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